Introduction/ Aim: Pulmonary exacerbations have negative impact on clinical course of
Results: Mean annual decline of FEV 1 and FVC were 2.4% and 1.7% respectively.
Malnourished patients had lower initial values of FEV 1 and FVC, and more frequent exacerbations in compare to normal weight and overweight patients.
The frequency of exacerbations was significantly higher in patients chronically colonized with Burkholderia cepacia (p = 0.023). Increased number of exacerbation was proved to be the most important factor in prediction of FEV 1 decline over time (p = 0.013).
Conclusion :
Pulmonary exacerbations lead to more progressive lung function decline in patients with CF. Malnourishment and chronic airway colonization with Burkholderia cepacia results in more frequent pulmonary exacerbations. (5). Pulmonary exacerbation is characterized by increased cough and sputum production, haemoptysis, fever, loss of appetite and weight loss, dyspnea, tachypnea, exercise intolerance and sinus discharge (6) . It was showed that more frequent exacerbations led to a steeper lung function decline, poorer quality of life and earlier fatal outcome (4, 7) .
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In patients with CF, in ideal clinical course, the annual decrease of FEV 1 is about 2% (8) .
In most of the patients, PE is associated with a significant reduction in lung function, with gradual, but often not complete recovery thereafter. In 25% of cases lung function decline persists, despite aggressive systemic antimicrobial therapy (7) .
Favorable clinical response to treatment is FEV 1 recovery to ≥90% of the baseline value (9) . Certain risk factors can contribute to unfavorable outcome and partial recovery besides initially lower lung function. These risk factors are: female gender, impaired glucose tolerance, chronic colonization of respiratory tract with specific bacterial pathogens (e.g.
Pseudomonas aeruginosa or Burkholderia cepacea) and initially lower FEV 1 values (9).
Despite novel treatment modalities, the incidence of PE has not significantly decreased in the last two decades (8) .
The aim of the study was to determine if increased number of exacerbations during the five years period had influence on lung function in our cohort of patients with CF. Additionally, we evaluated if nutritional status, presence of comorbid conditions and bacterial colonization of airways affect lung function decline, and if they can be used as a predictive factors for PE.
Methods
For the purpose of this retrospective cohort study, 110 pediatric and adult patients were Other demographic data are shown in Table 1 . Furthermore, in underweight subjects exacerbations were more frequent over five years of follow-up compared to the other two groups (p= 0.02) ( Table 2) . It was showed that exacerbations were more frequent in patients chronically colonized with B.cepacia than in those colonized with P. aeruginosa or other pathogens (p=0.023) -
Presence of diabetes mellitus (p= 0.796) and regular use of recombinant DNase (p= 0.282) and hypertonic saline (p= 0.791), were not proven to be risk factors for PE.
Fig. 1 Median of exacerbations in patients chronically colonized with B.cepacia
Univariant analysis with the number of exacerbations as a dependent variable showed that the presence of B.cepacia in underweight patients significantly increases the number of exacerbations (p = 0.018) ( Table 3) . Univariate linear regression had shown that the number of exacerbations (p= 0.002) and
BMI Z-score (p= 0.028) were statistically significant predictors for FEV 1 decline in five years of follow-up (dFEV 1 ). Both variables were entered into a multiple regression model with dFEV 1 as a dependent variable. This analysis showed that there was a statistically significant association between the number of exacerbations and dFEV 1 . With an increase in the number of exacerbations, there was a tendency for greater deterioration of FEV 1 in the observed period (p = 0.013) ( Table 4 ). 
Discussion
Exacerbations of lung disease are significant factor of morbidity that affects decline of lung function in patients with CF. We showed that the most significant risk factor for exacerbation occurrence in our cohort of patients was chronic airway colonization with Burkolderia cepacia.
The natural course of CF lung disease is characterized by gradual deterioration with intermittent episodes of acute endobronchial infection (10) . Lung function mostly has steeper decline in female patients from adolescence, which was not the case in our study.
Exacerbations of pulmonary disease present a major burden for patients and their families with negative affection on quality of life. Due to inexistence of dedicated home care providers, all patients in Serbia are hospitalized for intravenous antibiotic therapy and intensive physical rehabilitation. The burden is even more significant for the health system, as antimicrobial therapy in hospital significantly increases medical expenses (8) . In a large observational study, which involved more than 11000 patients, 42% of patients had exacerbation during a six-month of follow-up (11) . In the etiology of exacerbation respiratory viruses play an important role by reactivation of chronic bacterial infection in the lower respiratory tract with common CF pathogens such as Pseudomonas aeruginosa or
Staphylococcus aureus, which lead to prolongation of hospital stay (6, 12) .
Despite high prevalence of chronic Pseudomonas colonization in our cohort (62%), it has not been shown to be a significant predictor of appearance of PE. Patients with higher exacerbation score and shorter interval between it, had greater overall FEV 1 decline (4).
Our research in relatively heterogeneous CF population confirmed that increased number of exacerbations correlate with more significant loss of lung function. The annual FEV 1 decline in our cohort was 2.4%, which was significantly higher compared to the results of other studies (1.8-2%) (8, 11) . Although the treatment of patients with CF in our country is mostly performed without delay in a specialized center according to international guidelines, there are several reasons that may explain this negative trend.
The most likely reasons are malnutrition and the high prevalence of chronic Burkholderia colonization, which is in accordance with previous studies (13, 14) . Colonization with B.cepacia is associated with higher mortality and morbidity, including more frequent exacerbations, weight loss, and rapid lung function decline (15, 16) . Patients colonized with B.cepacia in our cohort had higher exacerbation score. Association of chronic B.cepacea colonization with malnutrition, leads to even more frequent exacerbations compared to patients with normal weight.
The results of large cohort study have shown that the nutritional status and pulmonary function are dependent variables in CF, which is in concordance with our results (17) .
More frequent PE and steeper decline in lung function in malnourished patients is directly related to poorer prognosis and unfavorable outcome.
Conclusion
Pulmonary exacerbations lead to a progressive lung function decline in patients with CF over time. Malnourishment and chronic airway colonization with Burkholderia cepacia results in more frequent pulmonary exacerbations.
Objective assessment of the symptoms and signs of pulmonary exacerbation allows vigorous antimicrobial therapy. This usually leads to favorable clinical course with preservation of the lung function, which is an important indicator of respiratory health in patients with cystic fibrosis.
